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™ Timing for 

Animation 













Ideally, the director should be able to view line test loops of the film as it 
progresses and so have a chance to make adjustments. But often there is 
no time to make corrections in limited animation and the aim is to make 


Timing in general 

being projected, in the same way that a melody only exists when it is being 
played. A melody is more easily appreciated by listening to it than by 
trying to explain it in words. So with cartoon timing, it is difficult to avoid 
using a lot of words to explain what may seem fairly simple when seen on 





































Responsibility of the director 




























































































Exposure charts 

When the director has completed the bar sheets for a film, the 
information is split up scene by scene ready for distribution to 



Animation timing is usually indicated by the director in the 
left column of exposure charts, so that the animator can work 
out the number of drawings required to complete each action 
in the other columns. This information is useful to all 
members of an animation unit; the animators, their assis¬ 
tants and the cameraman. Alongside the production of 
animation, the exposure charts are filled in according to the 
levels of celluloids to be photographed and eventually serve 
as guides for photography. 
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Movement and caricature 

The movement of most everyday objects around us ii 
by the effect of forces acting upon matter. 





The movement of objects becomes so familiar to us that, 
subconsciously, these movements give us a great deal of 
information about the objects themselves and about the forces 
acting on them. This is true not only of inanimate objects, but 
also of living things—especially people. 

just the right amount of creative exaggeration to matotbe 
movement look natural within the cartoon medium. 

Cartoon film is a medium of caricature. The character of each 

subjects can be considered as caricatured matter acted upon 
by caricatured forces. 

Cartoon film can also be a dramatic medium. This particular 
quality can be achieved, among other means, by speeded up 
action and highly exaggerated timing. The difference be¬ 
tween an action containing caricature, or humour or drama, 
may be very subtle. Eventually, with enough experience in 
animation timing, it becomes possible to emphasise the 
difference. 
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Cause and effect 

There is a train of cause and effect which runs through an 
object when it is acted upon by a force. This is the result of the 

movement in animation. 

An animator must understand the mechanics of the natural 
movement of an object and then keep this knowledge in the 
back of his mind whilst he concentrates on the real business 
of animation. This is the creation of mood and conveying the 
right feeling by the way an action is done. 

Examples of cause and effect: 

Figs A and B 

A rope wrapped around anything and pulled tight has the 
tendency shown. How far the reaction goes depends on: 

i the strength of the forces pulling the rope. 

ii the flexibility or rigidity of the object being squeezed. 
Exaggerate the tendency. 

Fig. C 

On the seesaw, the end of the plank with the smaller stone 
tends to stay where it is to begin with because of its inertia, so 

the plank springs back with the opposite curvature causing 
the stone to whizz out of the screen, E. 


The man is bending over to pick up something. His reaction 


G A reflex jer 
H A look of si 
happening. 









Newton’s laws of motion 

Every object or character has weight and moves only when a 
force is applied to it. This is Newton’s first law of motion. An 
object at rest tends to remain at rest until a force moves it and 
once it is moving it tends to keep moving in a straight line 

The heavier an object is, or strictly speaking, the greater its 
mass, the more force is required to change its motion. A 

lighTone. y 

A heavy object at rest, such as a cannonball, needs a lot of 
force to move it (Fig. A). When fired from a cannon, the force 
of the charge acts on the cannonball only whilst it is in the 
gun barrel. Since the force of the explosive charge is very 

a considerable speed. A smaller force acting for a short time, 
say a strong kick, may have no effect on the cannonball at all. 
In fact it is more likely to damage the kicker’s toe. However, 
persistent force, even if not very strong, would gradually 
start the cannonball rolling and it would eventually be 
travelling fairly quickly. 

Once the cannonball is moving, it tends to keep moving at the 
same speed and requires some force to stop it. If it meets an 
obstacle it may, depending on its speed, crash straight 
through it. If it is rolling on a rough surface it comes to rest 
fairly soon, but if rolling on a smooth flat surface, friction 
takes quite a long time to bring it to rest. 
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Timing of inanimate objects 


example, consider an object falling from rest under the 
influence of gravity. Disregarding air resistance, all objects 
fall with the same acceleration, which is about 9.8 metres per 
second per second. In practice, of course, the buoyancy of the 
air makes a leaf behave very differently from a lump of lead 
when dropped. However, assuming that an object is dropped 
which has an average weight, then the distance it falls in a 
time, 't’, with an acceleration, T, is given by the formula: 


A graph with the time in frames plotted against the distance 
fallen, gives a parabola (see illustration). At a projection 
speed of 24 frames per second, the object falls as follows: 
0.08 metres after 3 frames 
0.3 metres after 6 frames 
1.2 metres after 12 frames 


movement like this mathematically. It is alright if it looks 
right, and it looks right if the movement is based on what 
actually happens in nature, simplified and exaggerated if 






















Force transmitted through a flexible 
joint 

Imagine a length of wood with string fastened to one end of it, 
lying on a fairly smooth surface (Fig: A). Pull the stick 
towards the right, by means of the string, from a direction 
roughly at rightangles to the length of the stick. The first 
thing that happens is that the string pulls taut. Obviously the 
stick is not going to move whilst the string is slack. The 
weight of the stick acts as though concentrated at its centre of 
gravity, and so the stick as a whole does not start to move in 
the direction of the pull until its centre of gravity is in line 
with the string. So the stick rotates until the axis of the stick 
and the string are in line, aiid then moves off (Fig. B). 

If instead of the string another stick is used, flexibly jointed to 
the first one (Fig. C), then something very similar to Fig. B 
occurs if the second stick is moved to the right. If the second 
stick (shown black) is now moved around as in Figs D and E, 
then the white stick moves more or less in the way shown, 
provided the joint is quite flexible. If the white stick is pushed 
around and is the prime mover, thefi the black stick behaves 
in a similar way to the white one in Figs Ei and E. 

that when the primary stick accelerates or changes direction, 
the successive drawings of the secondary stick overlap each 

If three sticks are flexibly jointed together, and the lower 
stick is rocked to and fro fairly quickly, so that the effect of 
the momentum of the other two sticks becomes noticeable, 
the combined movement is similar to Fig. F. 
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Force transmitted through jointed 
limbs 

In character animation, force is very frequently transmitted 
by means of more or less flexible joints. 

An animal or man can be thought of as a series of fairly 
loosely connected sections. A leg consists of the thighbone 
connected to a ball and socket joint at the hip; the lower leg, 
with a hinge joint at the knee; and the foot which is fairly 
flexibly jointed at the ankle. The arm is jointed from the 
shoulder in a similar way. So if a subject’s shoulders are 
jerked backwards, his hands tend to follow only after his arms 
are pulled into line with the centres of gravity of his hands 
(Fig. A). 

This is not strictly true, of course, with live characters 
because if the movement is slow enough, the muscles have 
time to contract and stop the arms straightening completely. 
Nevertheless the tendency is there, and it is these tendencies 
which the animator picks on and exaggerates. The faster the 
action, the greater the exaggeration. 

Hands and feet move in the same way as the white rods on 
page 41. They tend to rotate on their centres of gravity when 
the direction of movement changes. In Fig. B, with a flexible 
wrist, the hand tends to trail backwards in the middle of a 
forward movement and in Fig. C the foot tends to trail in the 
direction it is coming from when the leg is lowered or raised 
and in Fig. D during a kick. 

An object held loosely in the fingers behaves in a similar way 
when the hand is moved about (Fig. E). 
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Inanimation it is sometimes difficult to graduate the space 

mation is made by halving, rehalving and halving again the 
distance to be travelled, according to the time available. In 
some cases distances are split for convenience into thirds, or 
even quarters, although other proportions are usually im¬ 
practicable (Fig. C). 






forwards, slows down, changes direction and starts to move 
backwards, slows down, changes direction, starts to move 
forwards, and so on. The general weight of the body moves 
forwards and backwards and the drawings are therefore 
spaced in the same way as those for a piston. The spacing of 
the drawings of the arm and saw are different from that of the 
weight of the body (see page 75) because the action of sawing 
requires manipulation of weight and muscle-power. 




























































Getting into and out of holds 


The time it takes to reach i 
of the object or character. A 

’ ' a stop, whilst soi 


imply ah 




tie leaning forward to 


Avoid having all parts of the figure coming to a stop at the 
same time. If a character jumps into a scene, for example, he 
might come in on an arc, squash, then recoil upwards too far 
before coming to rest in the final pose. Even after his body has 
stopped it may be effective to have his arms continue for 
another few frames. If the character has any loose ex¬ 
tremities, such as coat tails or feathers in his hat, these must 
take some time to stop. These would probably be drawn on 
separate cel levels to allow for this. When a figure comes to a 
hold, any extremities which have been trailing behind keep 


If a character makes a quick movement of surprise or perhaps 
winces, which shows a rapid tightening up of the muscles or a 
reflex withdrawal from danger, then he must go into the hold 
quickly. If the hold is made slowly in this case, the feeling of 
surprise is lost. With a quick stop such as this, it is even more 
important to have an overlap on the movement of the arms or 
hair, for example, to soften the sudden stop. 

When moving out of a hold, the spacing of the drawings 
usually gradually increases if the movement is fairly gentle. 
Any extremities hang back slightly until they are pulled 
along by the body. If the character goes into a more violent 
action, such as starting to walk, then the movement should be 
anticipated. The figure should draw back slightly before 
moving forward. As the front foot is raised the body begins to 
fall forward into the first step. If going into a run, the 
anticipation is more violent, with the body perhaps twisting 
away from the eventual direction of movement as the front 
foot is raised, and then leaning forward into the direction of 
movement so that the push on the back foot propels the body 
forwards. 
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Single frames or double frames? 

Most things can be animated sufficiently well on double 
frames to make the added expense of single frames unneces¬ 
sary. Sometimes an effect does not work when double framing 
is used and then the extra drawings must be done. It is 
dangerous to animate on double frames during a table move 
and/or camera track. These moves are usually done on single 

singles can produce effects of'jitter’. Animation done on pegs 
which move on single frames must also be animated on single 
frames (see page 134). 

Broadly speaking and disregarding the above, the faster the 
action the more necessary it is to use single frames. In slow 
action, consecutive drawings are fairly close and the eye has 
no difficulty in jumping from one to the next but in fast action 
the timing may call for the drawings to be so widely spaced on 
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Follow through 


The animation of an extremity, such as a coat tail or a feather 
in the hat, is difficult to key at the same time as the character 
to which it belongs. Objects of this nature move to some 
extent independently of the character they are attached to. It 
is, therefore, difficult to predict where they will be a few 
frames ahead without following their movement drawing by 
drawing. The movement of an extremity depends on: 

1. The action of the character. 

2. The extremity's own weight and degree of flexibility. 


Imagine a dog with floppy ears which hang vertically when 
the dog is still; When the dog accelerates away the ears tend 
to stay behind but are pulled forward. As long as the dog does 
not slow down, the ears trail out behind, with a wave motion 
if the dog’s head goes up and down. If the dog slows dovm and 
stops, the ears try to continue forward, and may stretch 
forwards before swinging backwards again and finally 
coming to rest. An attempt to key this movement with the dog 
is almost certain to fail. For instance, the ear may be moving 
at its fastest as the dog is coming to rest. Similarly, a cloak of 
heavy cloth moves independently as a result of the movement 
of the character’s shoulders. It is important for the fluidity of 
ation that the cloak is allowed to continue with its 
id and direction when the shoulders change their 


may be important too, particularly if the cloth is light. The 
movement of a gauze veil, for example, is governed almost 
entirely by air resistance, trailing behind the character and 
drifting slowly to rest after the character does. 
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T iming to suggest weight and force—2 

To give the impression that a character is wielding a heavy 
hammer it is important to time the movement carefiilly. 

The start position is as Fig. 1. The man is relaxed with the 
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Timing to suggest weight and force—3 
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Timing to suggest force: repeat action 

In a repetitive to and fro action such aa sawing, it is not 
sufficient to draw the forward and backward extremes and 
then inbetween them. To convey the feeling of effort being 
put into the action it is necessary to analyse the relationship 
m t ™ e between the movement of the body weight, the 
muscles of the arm, and the action of the saw. This can be 
done by actual or mental miming. If a lot of effort is needed to 
push the saw through the wood, this cannot be supplied by 
the arm muscles alone, as straightening and bending the arm 
would move the shoulder back and forth as well as the saw 
Immediateiy before straightening the arm, the whole body 
weight must be moved forward, so that when the arm does 
straighten it does so against the forward momentum of the 
body weight and so the thrust is applied to the saw. The 
thrust is increased by rotating the shoulders at the same 

When sawing with the right hand the right shoulder is held 
back during the beginning of the forward body movement 
then it is quickly brought forward, followed immediately by 
the straightening of the right arm, which puts the full effort 
°; v int0 the action of the saw - On the return 

stroke, little effort is required in the movement of the saw 
which cuts only on the forward stroke and so the sequence of 
events is less complicated. Some time lag between the 
Dackward movement of the body and the saw makes the 
animation more fluid, but otherwise straightforward inbe- 









A Note that the action of surprise 
strengthened by a preparatory 


Character reactions and 'takes’ 

A further advantage which animation can claim over live 
action is the ease with which character reactions can be 
controlled and exaggerated. Without some degree of exagger¬ 
ation, cartoon animation would not look right. The success of 
such effects lies in timing. 

A character makes a ‘take’ when he suddenly sees or becomes 
aware of something which makes him react in surprise. There 
may be a short or long time lag between when the character 
sees whatever it is, and when the message gets through to his 
brain. This would be at least five frames, but could be a lot 
longer depending on the character’s mental ability. 
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Timing to give a feeling of! 















The effects of friction, air resistance 
and wind 

Imagine a cartoon elephant running along. He wants to make 
a sudden stop. How should he be animated? If he is on an ice 
rink it is difficult to see how he can stop. It might be possible 
to turn him round and make him work his legs as though 
running in the opposite direction. On ice, he would get little 
purchase and so this method would produce little result. If he 
is on a normal surface he can use the friction between the 
ground and his feet to slow himself down. The animator must, 
however, arrange the elephant’s weight to be as far as 
possible behind his feet as he slows down. If he was upright, 
the friction would slow down his feet, but the upper part of his 
body would continue moving quickly and he would fall 
forwards. So his body must lean backwards. He might go into 
this position with a slight jump to achieve the maximum 
effect of his weight bearing down onto his feet. With his back 
foot covering the maximum area of ground for friction and his 
front heel ploughing into the ground for maximum braking 
effect, he can stop quickly. As he stops he must bring his body 
upright to avoid failing backwards. 

Similarly, if a man applies the brakes suddenly in a motor car 
it may be effective to draw the car in a backwards leaning 
position, with the tyres squashed so that they have as large 
an area as possible in contact with the road. If the hubs press 
forward against the tyres whilst the friction from the road 
surface stretches them backwards and the driver leans back 
pulling on the brake lever, a good effect should result. 

Wind is a useful device to give life to an animated object. It 
can very occasionally be animated as drybrush but is usually 
shown by its effects. Leaves are swept along, trees bend and 
wave according to the wind speed, and so on. Moving air flows 
and eddies around objects in much the same way as water 
does. Light objects, such as dead leaves, are swept along more 
or less at wind speed in curves and eddies. 

There is usually an area of calm air in the lee of a solid object 
in which windswept material collects. Driving snow does not 
make a drift until the wind meets an object such as a wall. 
The snow is then deposited against the wall. 

Anything fairly flexible, such as a plant or a tree, has its own 
natural vibration period, depending on its length, like an 
inverted pendulum. When blown by gusty wind, such an 
object tends to sway in this natural rhythm. A tall tree might 
sway to and fro in two or three seconds and a plant in less 



The speed and mood of the wind is also well shown by 
curtains, waving flags and clothing, the animation of which 
can be graduated from a slow, languorous wave to a violent, 
rapid flutter as the cloth strains to tear itself from its support. 






Timing cycles—how long a repeat? 

A naturally repetitive movement, like that of a piston, or a 
run, can have quite a short cycle. A run might take 8 or 10 
frames for two paces and would probably need one drawing 
per frame. 

Other actions, such as a fire burning, which are not repetitive 
by nature, require extra cycles of approximately one second 
or more. The number of extra cycles required to add variation 
to the movement depends upon the number of times it is to be 
repeated. 

Smoke is another example which would need a repeat of a 
second or more. This can be arranged so that the repeats on 
the drawings become closer and closer together at the top, so 
that the speed diminishes as the smoke breaks up and 
disappears. 










Effects animation: flames and smoke 


The movements of flames are governed by the movements of 
air currents above the fire. The hottest part of a fire is in the 


replaced by colder air rushing inwards from the sides. This 
air in its turn is heated and rises and so the process is 
continuous. This flow of air usually gives a roughly conical 
shape to the flames, with a succession of indentations 
representing eddies of cold air, starting at the base of the fire 
and moving inwards and upwards. 


The timing of these movements is fastest at the base where 
the fire is hottest, slowing down on the way up. As the 
individual flames taper off, break up into smaller pieces and 
disappear, so the speed should diminish also. The shapes 
must be kept fluid and ever-changing, although they should 
still be identifiable as smoothly rising areas of flame. If areas 
of flame stick in one place or even appear to animate 
downwards, this ruins the effect. 


The timing of the flames also depends on the size of the fire. A 
big fire is hotter than a small one and, therefore, much bigger 
volumes of air are involved. Obviously, in a big fire an 
individual flame takes longer to work its way from the base of 
the fire to the top, probably several seconds, whilst in a small 
fire it might only take a few frames. 


Flames are volumes of gas which can ignite or die out quite 
suddenly and can therefore change their volume quickly from 

tion that volumes should stay the same. Surges of flame 


problem is how to plan a repeat which does not appear too 
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One way of doing this is illustrated on page 85. A variation on 
this basic idea is to animate puffs arranged on a wave 
pattern. These may remain as individual puffs or merge into 
one another to form an irregular column. A cycle of this type 
of smoke would take 32 frames or more. 


eally big column of smoke rising from a fire forms a 
shroom or smoke ring—a doughnut-shaped eddy with a 
3 in the middle. 




Water 

Water moves in a very characteristic way as it has 
mechanical strength and is held together only weakly. 
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altogether. This is effective as long as a lot of drops do not 
disappear on the same drawing but are allowed to vanish in a 
random way over a number of frames. 

Effects around objects partially immersed in water are 
usually shown as ripples, which radiate from around the 
object and gradually split up and disappear. If the object is 
not moving or if it is moving in a cyclical way, then the effects 
can be made into a cycle. But if the object itself is animating, 
the effects must be animated continuously, which can mean a 
great deal of work. 

A lot of work is involved in animating the disappearance of 
water spilt on the ground. This movement requires several 
seconds and is generally done by producing a series of holes in 
the water, increasing them in size until they coalesce and 
finally the water disappears. As far as possible such a 
situation should be avoided. 

To achieve realistic liquidity, the timing for animation of 
water is quite critical. If timed too slowly it looks oily or even 
treacley, whilst if timed too quickly it may fizz in an unliquid 







Rain 


One problem with animating rain is that it can appear very 
mechanical. Although rain actually falls in more or less 
parallel lines, it must be animated with a more random slope 
if a realistic effect is to be achieved. It is best to time it 
moving quickly down. If it is drawn on more than one level, 
the distant rain should move more slowly, to give depth. 
Foreground rain should cross the screen in about six frames 
whilst more distant rain should move progressively slower. 
Individual drops are drawn as straight lines with consecutive 
drawings overlapping each other slightly. Rain almost cer¬ 
tainly needs single frame animation for a realistic effect. It 
also needs a fairly long repeat if it is not to appear too 
mechanical—24 frames at least. 

For really heavy rain, the effect is enhanced by animating a 
cycle of drops hitting the ground. These can be quite random 
and unrelated to the falling rain. Each drop should animate 
out in about six frames. Live action rain has often been used 
in animated films, shot against a black background and 
double exposed over the cartoon. 

As with all effects animation, rain can express a mood by its 
timing. For a miserable mood, rain can fall vertically at 
perhaps half its normal speed, whilst the speed can increase 
with a greater tilt from the horizontal for more violent moods, 
A really stormy effect would need to show random gusts of 
wind and would be very difficult and time-consuming to 
animate. This is one reason for the use of live action. 

Water drops 

When shaking water drops from a brush, for example, the 
drops should start one drawing later than the extreme of the 
brush, travelling in a continuation of the direction of the 
brush before the flick. In other words, before the flick the 
brush and water are travelling together, after the flick the 
brush changes direction, but the water keeps going. 

Snow 

Gently falling snow drifts in wavy lines and needs even 
longer cycles than rain to avoid the audience noticing the 
same flake following itself down the same track. Two seconds 
may be too short if the repeat is run more than a few times. A 
foreground flake may take about two seconds to cross the 
screen, but of course may take less. 

To give depth to the snowfall, at least three different sizes of 
flake are usually needed; the smaller more distant ones 
travelling more slowly than those in the foreground. Distant 
snow is not generally animated out of the bottom of the screen 
but fizzles out in a random way somewhere on the screen. The 
exact point whereat disappears depends on the background 
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Timing a walk 
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Types of walk 

The up-and-down movement of the body should slow in and 
out of the key positions, but the forward movement of the 
body should be at a uniform speed, or the animation ’sticks’. 
It is important that there is just enough time for the straight 
leg to register on the screen in the ‘step’ position. As the front 
leg is bent both before and after this position, there is a 
danger that the eye will connect these two positions-—missing 
the straight leg—with the effect that the character is doing a 
’bent-leg' walk. Fig. D on the previous pages gives another 
variation of this problem. It is based on a naturalistic walk, 
and the left leg kicks out straight on drawing 11, although it 
is still moving forward to the 'step' position 13. The front foot 
should slap down flat on to the ground quickly after the ‘step’ 
drawing. This loosens the ankle joint. 

There are many variations on this walk. For example, in an 
aggressive walk the body leans forward, the chin is out, the 
fists are clenched. In a proud or pompous walk the body may 
lean slightly backward, with the chest out and plenty of 
shoulder action, with the highest position on the ’step’ 
drawing. In a tired walk the body and head droop, arms may 
hang loosely and the feet may drag along the ground, and so 























Timing animals’ movements: horses 

The order in which the feet of a horse touch the ground is: 
back left, front left, back right, front right, back left, front 
left, back right, front right etc. 

A horse normally takes about a second to make one complete 
stride, that is from ’back left’ to ‘back left’. If it is walking 
freely the feet touch the ground at equal intervals of time. 

If 24 frames is taken as the length of a walk cycle, back left 
hits the ground on frame 1, 'back right’ hits the ground on 
frame 13 and ’front left’ and ’front right’ hit the ground on 
frames 7 and 19 respectively. 

In the step position on the back legs, on frames 1 and 13, the 
back legs form two sides of a triangle. The rump is lower than 
it is on frames 7 and 19, where one leg is vertical as the other 
one passes it. The shoulders are lower on frames 7 and 19 
than they are on frames 1 and 13 for the same reason. This 
causes a slight rocking movement to the line of the horse’s 
back. Also on the front step positions, as the shoulders go 
down, the head is pulled into a slightly more horizontal slant 
than it is on frames 1 and 13. 
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Timing animals’ movements: other 
quadrupeds 


risingly similar in the 
ck and the head follow 

An elephant may take a second or perhaps a second and a half 
to make a complete stride, whilst a smaller animal such as a 
cat may take a complete stride in half a second or less, 
although these timings may vary greatly. 

Some animals, such as the deer family, lift their feet high 
when walking; cats also do this when stalking. There is no 
equivalent of the ’squash’ position of a human walk m a tour- 
footed walk, as the back foot of each pair usually comes off the 
ground immediately the front foot is on the ground. 

A walking animal spends roughly half the time supported by 
two legs and the other half supported by three. A four-footed 
animal starting a walk usually starts with one of its back 
legs, followed by the front leg on the same side. 
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Bird flight 

Birds are well adapted to fast movement through the air. 
They are streamlined and waste the minimum amount of 
energy in the air. The body enhances the movement by lying 
in the direction of the airflow. The legs are tucked up or 
trailed in flight. 

The aerodynamics of bird flight is very complex and it is 
unnecessary to go into detail. The power stroke is the down¬ 
ward stroke against the cushion of air beneath the bird, and 
during it the air resistance closes the feathers and the wing 
makes as large an area as possible, to maximise the thrust. 
Birds have very large chest muscles to power the downstroke. 
The muscles controlling the upstroke are much smaller, as 
the air resistance is much less. During this stroke the wing 
folds partially to present a smaller surface area and the 
feathers tend to separate like vanes to allow the air to pass 
between them. The body is usually tilted slightly upwards at 
the head and is lifted slightly during the downstroke and falls 
again during the upstroke. 

In normal flight the wing strokes are not straight up and 
down. The direction of beat is slightly backwards on the 
upstroke and slightly forwards on the downstroke. This is the 
opposite of what might be expected for forward flight, but the 
forward impetus is actually given by the tilt of the wing 
surfaces. This forward and backward wing beat is particular¬ 
ly noticeable when the bird is hovering (the body may be 
almost vertical and the wing beat almost horizontal) and also 
when the bird is rising or coming in to land. 

During a flying cycle, the upstroke and the downstroke take 
about the same time, although with larger birds at least, the 
downstroke is slower. The length of the repeat depends on the 
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animated away (ie diminished to zero) in the same place as it 
originated, or moving very slightly in the opposite direction 
to the stick. In the meantime, further drybrush may have 
appeared. This would be animated out in the same way. 
Drybrush should be used very sparingly and should be saved 
for situations where drawings are so widely spaced that the 
eye has difficulty in connecting them up. If the spacing of 
drawings is well done and fast action well anticipated, the eye 
accepts very widely spaced drawings without trouble. 

A more spectacular drybrush effect might be used when a 
character runs offscreen. For example, if a character is about 
to zip off right, he anticipates to the left, accelerates to the 
right and goes off very fast. This may not work without 
drawing in some drybrush streaks as he runs off, moving 
them rapidly to the left and following each other in a series of 
eddies. This can easily be continued for 16 frames or so, but 
must move rather quickly. 




Ill 



Accentuating a movement 

In order to emphasise a movement, the introduction of a 
visual effect is sometimes advisable. Such an effect does help 
to draw attention to the point the animator intends to make 
especially if the movement is a quick one. The effect,’ 
however, must be a visual complement to the movement and 
should grow out of the type of action on the screen. It should 
also be quick and not laboured, which could easily spoil the 
whole effect. 

In the case of the fight sequence between the farmers and the 
animals in revolt in Animal Farm such extra effects were 
introduced to heighten the sequence’s dramatic excitement. 
The farmer’s whipcrack, for example, was a sequence of eight 
drawings on single frames. At the accent of the movement, 
which was where the curvature of the whip reversed direc¬ 
tion, a three frame, white ‘crack’ effect appeared (see page 
113). The accent of the gunshot movement was where the gun 
barrel suddenly recoiled. The shot itself was made visible by a 
strong ‘swish’ effect followed by a slower puff of smoke as the 
gun barrel came forward again. 

Since every situation is different, it is best to make any 
decisions about visual effects during the process of animation. 










Strobing 

Strobing is an effect which is an integral part of the 
mechanism of the cinema. Indeed the stroboscope, invented in 
1832, was the first device used to present the illusion of a 
moving picture. The reflections of images on a spinning disc 
were viewed ttu-ough slits around the edge of the disc so that 

similar device, using the same principle, was theSrope in 
w hKhp aper strips were viewed through slits in a rotating 

Strobing is liable to occur in the movement of an object which 
has a number of equally spaced similar elements. Some 
examples are the rungs of a ladder or the spokes of a wheel. 
If a drawing of a ladder has rungs drawn lin apart and the 
ladder starts to move along its length at an increasing speed. 


all is well until the amount of movement on the ladder is just 
under iin. At this point the rungs begin to flicker and when 
the ladder moves up exactly lin per frame, the movement is 
completely confused. This is because the eye sees a set of 
rungs on one frame and on the next frame it sees a set of 
rungs half way between those on the first frame, and does nnt 


know whether the original rungs have moved to the right or 
to the left. On the next frame again, the rungs on the first 
frame have moved along lin and so are superimposed over 
the rungs on the first frame. This gives the impression that 
the rungs are flickering on and off on alternate frames. If the 


movement is more than fin, say 0.7in to the right, the eye 
jumps across the shorter gap and the rungs appear to move 


U.din to the left. This is the reason for the well-known illusion 
of stage-coach wheels appearing to turn backwards. 


The best cure for this strobing effect is to avoid situations 
where it may occur. The spokes of a wheel should be as widely 
spaced as possible. One time-honoured solution is to have one 
broken spoke so that the gap can be seen rotating. Another 
way of overcoming this problem is to show the rim of the 
wheel rotating, but depict the spokes themselves as whizzing 
round with a (frybrush effect. 
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The use of timing to suggest mood 

The creation of mood is the stock-in-trade both of the cinema 
and the theatre. It is also important in animated films, but as 
animation is a medium of exaggeration, it is advisable to 
avoid subtle shades of expression. 

In general terms, the moods of depression, dejection, sorrow 
etc, depend on slow timing for their effect, whilst the moods of 
elation, joy, triumph and so on depend on quicker timing. 
Other moods, such as wonder, puzzlement and suspicion may 
depend on facial expression and body posture. The aim is 
always, however, to convey to the audience the mental state 
of the character, and match this to the mood of the back¬ 
grounds, the camera movements, and everything else which 
contributes to the visual effect on the screen. 

To express depression, the character must appear to have no 
energy. His body droops forwards, his head hangs on his 
chest, his knees sag, and his movements are slow, with 
frequent long holds and sighs. Anything that can be used in 
the drawing to convey the feeling of depression should be 
used—the hair and clothes hang limp, perhaps the hat sinks 
down over the ears, and the shoes squash with the extra 
weight of gloom. 

Elation and joy, on the other hand, need plenty of energy, 
which gives quick, bouncy movements with the character 
frequently airborne. The body is upright or curving back¬ 
wards^ with hair and clothing springy, and a general light- 

Suspicion requires a deliberate expression of puzzlement and 
cannot be hurriedly timed. Give enough time for the audience 
to read the facial expression of the character and animate his 
hands for further emphasis if there is time. 
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Lip-sync—1 

In full animation, it is important for a character to mime. 
When he is speaking, therefore, his miming must be accu¬ 
rately synchronised to the soundtrack. Dialogue is invariably 
recorded before production and the timing of it is passed to 
the animator as a phonetic breakdown. It is also important 
that the animator should have a copy of the track on tape, so 
that he can listen to it repeatedly until the pattern of 
emphasis, the rise and fall of the voice, etc, is clear in his 
mind. It is sometimes useful to indicate this alongside the 
phonetic breakdown by means of a line which moves left and 
right as the voice falls and rises and becomes thicker and 
thinner according to the degree of emphasis. Usually the 
voice rises on important syllables or words and falls on less 
important ones. 
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The first step is to make the character’s actions fit his words. 
If he is aggressive he will tend to thrust himself forward and 
reinforce certain points with gestures. If he is shy he may 
shrink away and speak apologetically and if he is crafty he 
may pretend to smile, whilst giving quick glances to see the 

The second step consists of moving the character’s lips and 
perhaps the lower part of the face, to fit the frame by frame 
phonetic breakdown of the speech on the exposure chart. Here 
it is important to listen repeatedly to the way the dialogue is 
spoken. There is a broad tendency for the mouth and lower 

normally spoken sentence there are usually a few accentu¬ 
ated vowel sounds, and the rest of the words are of lesser 
importance. Play the soundtrack over and over again until 
the pattern of emphasis, the rise and fall of the voice etc, is 
clear. Then plan the lip-sync to conform to this pattern in 
visual terms. 


As already mentioned, in mass-produced TV series the 
dialogue carries the central interest of the film and there is 
practically no animation, apart from the mouth. This is not 
acceptable in other types of production, and it is therefore 
important to ensure first of all that the mouth, eyes and other 
features of the face should express the meaning of the 
dialogue. The hands should also be used for emphasis. 
Thirdly, the body itself should be used to underline the 
content. The three elements have, of course, to be closely co- 
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Camera movements 

Tracks are used to move into a closer field or pull back to a 
more distant one. They are done by moving the camera frame 
by frame, up or down its vertical pillar, above the animation 
drawings. Usually the field centre also moves during a track 
and as the camera travels on a fixed axis this movement in a 
north south, east west direction is done by moving the table. 
Tracks and table moves are worked out in terms of general 
timing—track lengths and the action which the various fields 
must include—by the director on bar sheets before production 
begins (see page 10). 

When the animator finalises the action of the scene in detail, 
he converts the director’s timing into specific instructions to 
the cameraman. He writes down the field sizes and marks the 

'camera instructions’ column on the exposure chart (Fig. A). 
He also provides a drawn field key with field centres marked 
(Fig. B). 

It then becomes the cameraman’s responsibility to achieve 
the required effect smoothly and accurately on the screen. 
Briefly, the procedure is as follows: in Fig. B the track is made 
from field X to field Y so the screen centre moves towards the 
south-east. This means that under the camera, the table must 
move north-west. Fig. C is an enlargement of this table move, 
showing how the cameraman divides the line to achieve a 
smooth movement from X to Y. At the same time he measures 
the distance the camera travels on its column during the 
track, and divides this in exactly the same way as Fig. C, so 
that camera and table top move smoothly together. Fig. D is a 
similar track and table move which includes a tilt. This 
would also be done as a table move. 
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Peg movements 

Peg movements, unlike those of the camera, are very closely 
linked to animation and therefore need to be controlled by the 
animator. When an object or character is moving across a 
background there are very often two and sometimes more sets 
of pegs working together, and their compensating movements 
need to be worked out in great detail at the same time as the 

Fig. A is an example of peg instructions written out by the 
animator, and Figs. B, C and D illustrate the timing problems 

In the left hand column of Fig. A is a 24 frame walk cycle, 
1L—24L. The character makes a 1.8 in stride in 12 frames on 
bottom pegs. This governs the speed of background pan on top 
pegs to 0.15 in per frame. Fig. B. The director then called for a 
1 sec pan ahead to a doorway which the character is ap¬ 
proaching on the right of the background, Fig. C. The 
animator therefore measures the distance ahead to the door, 
and by trial and error splits this up into a series of 
accelerating and decelerating moves to stop smoothly at the 
door on the required frame. The character and the back¬ 
ground must work together so that his feet do not slip (in 
effect the character moves 0.15 in to the right of the back¬ 
ground per frame, no matter what the background does). So 
the bottom pegs start to move to the left—always 0.15 in per 
frame less than the top pegs. At some point this will bring the 
character off screen, when he is replaced with a blank cel. If 
we imagine him continuing to walk off screen, then on an 
appropriate frame he starts to appear in screen again. At this 
point the bottom pegs are set so that his front toe is just in 
screen, Fig. D. The bottom pegs then pan to the right 0.15 in 
per frame against the static background. 

The cycle 1L—24L would of course have to be on long cels 
with enough blank on the right^of the character to pan him 
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